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1. Motivation:

The critical pathway to hurricane forecast improvement is to
use observations and models together to:

« Advance the still-lacking understanding of the governing processes
* Evaluate and improve models through the use of satellite data

- Develop advanced techniques for assimilating of satellite observations inside

the hurricane core

Despite the significant amount of satellite data today, they are still underutilized in

hurricane research and operations, due to their volume and complexity (indirect and very

nonlinear sensitivity to the most important underlying model variables).



To support the needs of the research and operational
communities, several NASA -funded efforts

resulted in the development of

the Tropical Cyclone Information System - a
hurricane-specific Data Analytic Center Framework



The TCIS components:

* Three interactive portals:

* the North Atlantic Hurricane Watch (NAHW -
https://nahw.jpl.nasa.gov)

* data portals to support field campaigns to study tropical convection

* They serve as a very rich information source during the planning
and particularly during the analysis stages of field campaigns

* NASA’s 2017 Convective Processes Experiment (CPEX)
https://cpex.jpl.nasa.gov)

* NASA’s 2019 CAMP2EX - https://camp2ex.jpl.nasa.gov
* NASA’s 2021 CPEX-AW - https://cpex-aw.jpl.nasa.gov

* A 12-year-long (1999-2011) global data archive (TCDA) of satellite
observations of tropical cyclones (non-interactive).

* aone-stop place to obtain an extensive set of multi-parameter data
from multiple observing systems.

» offers both digital data and imagery, subset to the domain and time
of interest, thus greatly reducing the volume of unwanted data.

* This makes TCDA a valuable source to quickly build statistics in

support of research, forecast improvement and algorithm
development

https://tropicalcyclone.jpl.nasa.gov
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North Atlantic Hurricane Watch (NAHW)

The North Atiantic Hurricane Watch data portal monitors hurricanes in the North Atiantic and East Pacific ocean basins. This near real-ime
interactive data portal was originally developed to support the mult-year Hurricane and Severe Storm Sentinel (HS3) aircraft campaign
HS3 was a five year mission with a three year airborne component (2012-2014). This portal allows users to analyze and compare
observation data and model forecasts during each hurricane season (June - November) from 2012 to the present day.

« NAHW tutorial video

Convective Processes Experiment - Aerosols & Winds (CPEX-AW) & Convective Processes Experiment (CPEX)

The 2021 NASA Convective Processes Experiment - Aersols & Winds campagin will study the dynamics and microphysics related to the
‘Saharan Air Layer, African Easterly Waves and Jets, Tropical Easterly Jet, and deep convection in the InterTropical Convergence Zone
(ITC2).

The 2017 NASA Convective Processes Experiment (CPEX) aircraft campaign collected data that could help to answer questions about
convective storm initiation, organization, and growth. This near real-time data portal was run from May to July of 2017 in support of the
observational phase of CPEX. It collected data from satellte instruments and instruments flying on-board the campaign's DC-8 aircraft.

Additional information about both campaigns is available from the CPEX website.

The Cloud, Aerosol and Monsoon Processes Philippines Experiment (CAMP2Ex)

‘The Cloud, Aerosol and Monsoon Processes Philippines Experiment (CAMP2EX) s a response for the need to deconvolute the fields of
tropical meteorology and aerosol science at the meso-b to cloud level. Campaign operations were based at Clark Intemational Airport
(Philippines). The aircraft field campaign took place mid August - October 6, 2019 on the NASA P3 and the SPEC Learjet 35 platiorms. To
allow studies of the interannual variability and to put the CAPM2Ex mission observations in the context of this variability, the
CAMP2Ex portal will collect satellite and model data over an extended period, including one year after the end of the field
campaign. Additional information is available from the CAMP2Ex website.

arance:


https://nahw.jpl.nasa.gov/
https://cpex.jpl.nasa.gov/
https://camp2ex.jpl.nasa.gov/
https://cpex-aw.jpl.nasa.gov/
https://tropicalcyclone.jpl.nasa.gov/
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The goal of the JPL TCIS data analytic framework is to help scientist:

1. gain intuition in the complex multi-scale interactions that lead to the evolution
of tropical convection in general and hurricane processes, in particular

2. To support airborne flight campaigns: planning, in-air flight operations

3. To provide a common system for post-event exploratory analysis

4. To provide the data (satellite and model) that are included in the TCIS
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Table 1. Summary of the spatial and temporal coverage for all components of TCIS. The

domain of the NAHW has expanded over the years. Given are the dimensions of the current

domain.

Table 2. Types and sources for the satellite data routinely included in TCIS

The color-coding reflects the following:

##%¥* Atmospheric composition ***** Thermodynamics

*akkxSurface

*xxx*Convective Activity

| SENSORS DATA PRODUCTS DATA SOURCES
MODIS Aerosol Optical Thickness LAADS DAAC
AIRS Temperature and Water Vapor - vertical profiles; | GES-DISC

MHS, ATMS (NOAA, MetOp,
NPP)

Total Precipitable Water

NOAA-NESDIS, CLASS

MUR-SST

Sea Surface Temperature

JPL PO.DAAC

QuikSCAT; RapidScat

Surface vector winds over the oceans

JPL PO.DAAC

ASCAT-A; ASCAT-B

Surface vector winds over the oceans

KNMI/JPL PO.DAAC

ScatSat Surface vector winds over the ocean JPL product from
ISRO’s observations

SMAP Surface wind speed over the ocean JPL product

CYGNSS Surface wind speed over the ocean JPL PO.DAAC

GOES-E and GOES-W;

Geostationary IR (~ 11 um and ~6.7 um water

NOAA/CLASS; NRL;

Himawari-AHI vapor); VIS CIMSS-SSEC;
TMI, GMI, AMSRZ2, SSMI, SSMIS | Brightness temperatures 10-89 GHz; GPM - NASA GSFC PPS
TMI, GMI, AMSR2, SSMIS Rain Indicator - 2D maps of relative rain intensity | JPL Derived Product
GPM-IMERG Integrated Multi-instrument 1-hour rain totals GPM - NASA GSFC PPS
“Best Track” Hurricane location, estimated maximum wind NCAR/RAL**

speed and minimum MSLP, updated every 6 hours
TC DATA ARCHIVE ONLY
OMI Ozone - total column; GES-DISC
MLS Ozone - vertical profiles: GES-DISC
MLS Temperature, Water Vapor - vertical profiles GES-DISC
MLS Ice Content - vertical profiles GES-DISC
TRMM-PR Precipitation; Radar Reflectivity - 3D structure GPM - NASA GSFC PPS
CloudSat Clouds and precipitation; Radar Backscatter; Cloudsat Data

vertical profiles

Processing Center/CSU

Portals Temporal Coverage Domain
NAHW 2012-present Latitude: 10S - 60N; Longitude: 175W - OW
CAMP2Ex 2018-present Latitude: 15S - 35N; Longitude: 40E - 180E
CPEX 05/15/2017 - 07/15/2017 | Latitude: 10N - 40N; Longitude: 100W - 45W
CPEX-AW June 2020 - present Latitude: 58 - 45N; Longitude: 100W - 40E
TC Data Archive |1999-2010 Global

Table 3. Types and sources of model fields available in TCIS. For each model, listed are the
specific portals which provide the data. Period of availability is given in parenthesis.

[

MODELS

DATA PRODUCTS

DATA
SOURCES

Temperature, Relative Humidity, Horizontal wind -

at standard pressure levels;

2D fields:

o 10m winds/2m temperature/SST/MSLP

o Integrated Precipitable Water; shear (deep and
low-level)

NOMADS/NCEP
/NOAA

MRG

ECMWF
-NAHW (2012-2016)

Temperature, Relative Humidity, Horizontal wind -
at standard pressure levels;

2D fields:

o Integrated Precipitable Water

o Shear (deep and low-level)

MRG

UKMET
-NAHW (2012-2014)

Temperature, Relative Humidity, Horizontal wind -
at standard pressure levels;

2D fields:

o Integrated Precipitable Water

o Shear (deep and low-level)

MRG

ECMWF
- CAMP2Ex (2019-present)

Temperature, Relative Humidity, Horizontal wind,

Vertical velocity - at standard pressure levels;

2D fields:

o 10m winds/2m temperature/2m
dewpoint/SST/MSLP

o Integrated Precipitable Water

o Total Precipitation

CAMP2Ex Team

GEOSS5
- CAMP2Ex (07/2019-present)
-NAHW (10/2019-present)

Temperature, Relative Humidity, Horizontal Wind,
vertical velocity - at standard pressure levels;
2D fields:
o 10m winds/2m temperature/2m humidity;
o Integrated Precipitable Water; Integrated Ice
Water Path; Integrated Liquid Water
o Aerosol Optical Depth/Tickness (AOD) -
Total
o AOD Coarse Mode
o AOD Fine Mode

NCCS/GSFC
MDISC

HWRF (regional model)
- NAHW (2013-2015)

Synthetic microwave brightness temperatures
Rain Index

EMC/NCEP
/NOAA




2. Features



Best Track Forecasted Tracks
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3. Analysis Tools

Looking at the storm structure



The “Slicer” - analv5|s of the Storm

85H_MULTI 2014-08-19

F17 13:58:00-14:10:00
F16 13:17:00-13:30:00
———— GCOM W1 09:20:00-09:32:00

HURRICANE AN

2014-0gJi9'15:00:00
i | i | o

-124.7,12.2) -121.7,15.2) -118.7,18.2) -115.7,21.2)

37H_MULTI 2014-08-19

F17 13:58:00-14:11:00
. . e ] . . = N I o o F16 13:17:00-13:30:00
STORM TRACK F £ " GCOM-W1 09:20:00-09:32:00

Ending at hour: (EEE

@ BEST TRACK
POUCH TRACK

SATELLITE DATA
AIRS
AOT (MODIS) 180
124 -121.7,15.2)
Geostationary - -

-115.7,21.2)

B Microwave Rain Signature

@ 10H GHz

10V GHz
19H GHz
19V GHz
37COLOR
37H GHz

37V GHz — f R SLICER Rectangle
J 5 Lower left: N/A, N/A
4 85H GHz . ; Upper right: N/A, N/A
| /s Dataset 1: RSN © Line
Left: 12.238, -124.66

oo X i Dataset 2: EICERED Pl o T
2 > ® circl
VI Dataset 3: o
> W output: ©wpng kmi @ text
B 7Pw

4 6 HR Composite

R Anietion Data SIO, NOAA, U.S. Navy, NGA,

B Thum Image Landsat
2 wino

e ==

ite M er: Svetla M Hristova-Veleva PRIVACY Webmaster:



300

Statistical Tool: Joint Distribution of Brightness Temperatures

Example: The Joint PDF of 37GHz and 85GHz TBs; Humberto
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e  The statistical relationship between
the 37 GHz TBs and the 85 GHz TB
presents information on the vertical
structure of the storm

§ +  The vertical branch indicates too much
scattering of radiation by the frozen
precipitation

 Question: Is the ice too much or is its
forward modeling inaccurate?

* Need to consider the resolution!
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TO OLS: The JPL Tropical Cyclone Information System and
The North Atlantic Hurricane Watch

oz

Wave Number Analysis (WNA)
(online)

Wave Number Analysis of the Rain Field (as depicted by the Rain Index)[§&
passive microwave observations: FEATURES of the Rain Field :

| Rifg: 2014-08-19 15:00:00(ond Time) simplel SQwavenumber 8+1 fitting

4
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WNA can be used to evaluate
three important quantities:
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* the degree of storm
symmetry

* the precipitation intensity

* the radial distribution of
precipitation/wind
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Questions regarding hurricane evolution: Possible predictors for the Rapid Intensification and
evolution of hurricanes from satellite observations of

What is the role of the azimuthally symmetric, weak convection? R .
precipitation and surface winds

What is the role of the isolated, intense convection?
Svetla Hristova-Veleva Z. Haddad, B. Stiles, T.-P. Shen, N. Niamsuwan, F. J. Turk, P. P. Li,

o A i . N i i i a " i i
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What is the importance of the radial distribution of convection? B. Knosp, Q. Vu, B. Lambrigtsen, W. Poulsen
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3. Analysis Tools

Analyzing the moisture in the environment



NAHW Portal — NRT in 2012-14, Atlantic (https://nahw.jpl.nasa.gov/)
The thermodynamics from AIRS — Evaluation of the Environment

10

XA 7

" Angbient Aip Tempx”
Déw_ Poirt Temp

/AT Parfcel Tordp N~
AR
N .

AIRS SkewT Diogram 2014-08 -25/05:36:15.20 (Let/Lan 19.27/-56.69 deg)
e R R 0 s ia

&6l

NortH AtLANTIC HURRICANE WATCH [NAHW]

Ending at ho
STORM TRACK
@ BEST TRACK
B poucH TRACK
® PiZL
® P2iL
® P22
® P23L

JRTELLITEDATA
2 ams
CAPE
[ p-,

® rH press. (EXINE

= eve Press. EXTIED
AOT (MODIS)
[~ ——

© m

® IR 2 Day Animation

@ IRCOLOR

@ VAPOR

e vs
£ 9005 wave Rain Signature’
=2 Pw

 6HR Composite

™ Two Day Animation

VAVA LAVHONHIV 3 ALITIALVS

201408250 x | &

rgle

e G imp
I

it o

E

PRESSURE (MB)

it hi e
Déw Pojiat Temp.
AR Bafeel Tortp

o

1140825 0 %

NAsA [ NOAA_

o
—PARCEL—
CAPE:16:

I
28
Cne
CAPO. PL HOME |
o
L1850

#6is

The current time:
3

Iaﬁ&

nds.

sat

NOAARU:S.INaVyANG

DATASELECTION &

SNAPSHOTS &

AYGEBCO'

X UA S
Amgbignt Ajp Tempy
\Déw, Point Temix

PRESSURE (ME)



https://nahw.jpl.nasa.gov/
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Line for the vertical cross-section
shown two slides later
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4. TC Data Archive



Satellite depictions JPL TCIS - The Tropical Cyclone Data Archive

of hurricanes over
the globe
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Asymmetry and Evolution
Statistics from observations ; North Atlantic Hurricanes

Parameter as a function of:

- Quadrant with respect to storm motion - -
Created composites following

similar approaches:

Lonfat, M., F.D. Marks, and S.S.Chen, 2004:
"Precipitation Distribution in Tropical Cyclones using
the Tropical Rainfall Measuring Mission (TRMM)
microwave imager : A Global Perspective” MWR 132(7)

Q4; Front Left Q1; Front Right

Rogers et al., 2012 : "Multiscale analysis of mature
tropical cyclone structure from airborne Doppler
composites," MWR, 140 (1)

Wu, L, H. Su, R. G. Fovell, B. Wang, J. T. Shen, B. H.
Kahn, S. M. Hristova-Veleva, B. H. Lambrigtsen, E. J.
Fetzer, J. H. Jiang, 2012: “Relationship of
Environmental Relative Humidity with Tropical Cyclone
Intensity and Intensification Rate over North Atlantic”,

Q2; Back Right Geophys. Res. Lett., 39, 120809,
doi:10.1029/2012GL053546.
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Direction of Storn] Motion

Many others.




Asymmetry and Evolution
Statistics from observations ; North Atlantic Hurricanes

Parameter as a function of:

- Quadrant with respect to storm motion
- distance from storm center (y-axis)

- days from maximum intensity (x-axis)
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9-year statistics from AMSR-E observations
North Atlantic Hurricanes; 2002-2011
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9-year statistics from AMSR-E observations
North Atlantic Hurricanes; 2002-2011
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Thank you!



